Exercise might reduce blood pressure in mild essential hypertensive individuals, but it could raise left ventricular mass, counteracting the beneficial effects induced by a decrease in blood pressure. Seventeen (group 1) of 25 mild hypertensive patients, nonresponders to a 3-month low sodium diet (2 g/day), were admitted into a physical training program consisting of three weekly sessions of aerobics (20 minutes), bicycling at prefixed loads (20 minutes), and induced muscular relaxation (10 minutes). They were compared with 15 mild hypertensive patients (group 2), nonresponders to the low sodium diet who remained untrained. The follow-up lasted 15.7±5.8 months. There were significant blood pressure decreases in group 1 at rest (155 ±9. P hysical training has been used for the treatment of mild hypertensive patients with diverse results. Many authors 1 -2 have pointed out significant decreases in systolic and diastolic blood pressure (BP), whereas others have failed to demonstrate such beneficial effects. 3 We were able to get significant decreases in systolic and diastolic BP measured at rest and during exercise in a group of mild essential hypertensive patients who followed a physical training program (PTP) for at least 12 months. 4 It is known that trained people, mainly athletes, have cardiac enlargement. Endurance athletes develop cardiac dilation 5 -6 and hypertrophy, whereas "resistive" athletes such as lifters or throwers develop an inappropriate increase in left ventricular wall thickness.
Exercise might reduce blood pressure in mild essential hypertensive individuals, but it could raise left ventricular mass, counteracting the beneficial effects induced by a decrease in blood pressure. Seventeen (group 1) of 25 mild hypertensive patients, nonresponders to a 3-month low sodium diet (2 g/day), were admitted into a physical training program consisting of three weekly sessions of aerobics (20 minutes), bicycling at prefixed loads (20 minutes), and induced muscular relaxation (10 minutes). They were compared with 15 mild hypertensive patients (group 2), nonresponders to the low sodium diet who remained untrained. The follow-up lasted 15.7±5.8 months. There were significant blood pressure decreases in group 1 at rest (155 ±9. , p=NS), without any significant modification of either left ventricular volume index or left ventricular shortening fraction. No significant changes occurred in group 2. There was no correlation between blood pressure and left ventricular mass changes and left ventricular shortening fraction and left ventricular mass index changes. According to these results, it seems prudent to prescribe physical training to mild hypertensive patients because it does not induce left ventricular mass increases. The reduction of left ventricular mass did not correlate with blood pressure decreases, suggesting that several factors other than the reduction of left ventricular afterload might be involved. (Hypertension 1990;15(suppl I):I-153-I-1 P hysical training has been used for the treatment of mild hypertensive patients with diverse results. Many authors 1 -2 have pointed out significant decreases in systolic and diastolic blood pressure (BP), whereas others have failed to demonstrate such beneficial effects. 3 We were able to get significant decreases in systolic and diastolic BP measured at rest and during exercise in a group of mild essential hypertensive patients who followed a physical training program (PTP) for at least 12 months. 4 It is known that trained people, mainly athletes, have cardiac enlargement. Endurance athletes develop cardiac dilation 5 -6 and hypertrophy, whereas "resistive" athletes such as lifters or throwers develop an inappropriate increase in left ventricular wall thickness.
-
8 This is not the case with hypertensive patients who followed a PTP because the intensity of exercise is graded according to the individual physical capacity and BP levels; however, it is still possible that physical training can induce an increase in left ventricular mass (LVM), which could counteract the beneficial clinical effects produced by a BP decrease. This study was designed to investigate the effects of a moderate and prolonged PTP on LVM.
Methods Twenty-five white mild essential hypertensive patients were placed on a low sodium diet (2 g/day) for 3 months; 17 of them had a persistent diastolic BP greater than 90 mm Hg. These patients (group 1), 12 men and five women, with a mean age of 50.8±7.9 years, were admitted into a PTP. They were compared with 15 untrained white mild essential hypertensive patients (group 2), 10 men and five women, with a mean age of 49.3±3.2 years, who were nonresponders to the same low sodium diet and who did not undergo any other treatment. All patients were subjected to routine examinations including laboratory tests, electrocardiography, xrays, and M-mode and bidimensional echocardiographic studies. Because all the left ventricles were normally shaped, the M-mode was used for all the measurements, including left ventricular wall thickness (septal and posterior walls), end-diastolic diameter, and the estimation of left ventricular shortening fraction (LVSF), left ventricular enddiastolic volume (LVEDV), and LVM by the Penn cube method. 9 All of these last parameters are related to body mass and expressed as the corresponding indexes (I), that is, LVMI and LVEDVI.
BP measurements were made by mercury sphygmomanometry after each patient had been sitting for 5 minutes. Each BP value was the mean of three measurements on three different occasions during 1 week. The heart rate (HR) was measured in the same way. All the patients performed a graded exercise stress test according to the modified Balke protocol until they reached their maximal physical capacity. All those evaluations were made at the beginning of the trial and after the end of the follow-up period. The PTP consisted of three weekly sessions that comprised 1) aerobic exercises for 20 minutes, 2) bicycling for 20 minutes at prefixed loads (ergometric computerized bikes, functional capacity; LVMI, left ventricular mass index; M/V, mass-volume ratio; LVSF, left ventricular shortening Dynavit 30, Handesa, FRG), and 3) 10 minutes of induced muscular relaxation by an adaptation of the Schultze method, which ended each session. The first prefixed load of the bicycling was very low (150 kpm) but was progressively raised by increments of 30 kpm during the following sessions until the patients presented trouble (fatigue, dyspnea, high BP, or chest discomfort), at which time they remained in this training stage as long as needed to get through it without symptoms and with normal BP increases. This stage lasted at least three sessions. The goal of this program was to make every patient reach their useful functional capacity without any abnormal increase of BP. BP was measured in every session on three occasions, before the beginning of aerobic exercises, after the patient had finished the bicycling period, and at the end of the relaxation phase.
Body weight was controlled every session once the patient had changed into light-weight clothes. All patients had electrocardiographic monitoring by remote control whenever the load was increased to detect cardiac arrhythmias or ischemic changes, at which time the patients were subjected to medical examination to decide whether they could proceed with the training. The mean duration of the PTP follow-up was 15.7±5.8 months although each patient usually needed 6-12 months to achieve his or her useful functional capacity.
To assess the statistical significance of ah 1 parameter changes, the paired t test was used.
Results
There were significant decreases in BP measured at rest (from 155±9.8/101±3.3 to 136±8.1/86±6.6 mm Hg, /7<0.001) in group 1. The comparison of exercise BP levels achieved at the control exercise stress test at maximal work load with those measured during the last exercise stress test at the same load also showed a significant decrease (219±17.4/ 119±14.4 vs. 196±21.8/101±10.5 mm Hg, p<0.001). Maximal work capacity increased significantly (from 758.8±256.7 to 944.1±203.8 kpm, /?<0.001). On the other hand, no significant changes occurred in either BP levels or maximal work capacity in group 2.
HR fell significantly at rest in group 1 (73±3.6 vs. 69±4.4 beats/min, /?<0.001) although it did not happen during exercise. There were no changes in HR at rest or during exercise in group 2. Mean weight was almost the same at the end of the follow-up in both groups (group 1, 78.0±ll.l vs. 77.7±8.9 kg; group 2, 78.7±5.9 vs. 79.0±5.9 kg). None of the patients had any important clinical event during the follow-up period, and all were able to end the PTP.
LVMI tended to decrease at the end of the PTP in group 1 (from 138±36.3 to 125±29.9 g/m 2 ,p=0.056) without any significant modification of LVEDVI (60±15 vs. 58±12 ml/m 2 ). LVSF was normal and remained almost the same (36±6.3% vs. 37±5.4%).
There were nonsignificant increases in LVMI (from 121 ±22.3 to 134±35.0 g/m 2 ) in group 2. LVEDVI was a little higher at the end of the trial (51±7.4 vs. 58+4.1 ml/m 2 ) but without statistical significance. The mass-volume ratio stayed approximately the same as did the LVSF.
There was no significant relation between systolic and diastolic BP and LVMI, before or after the course of the PTP. The same occurred between changes in LVMI and BP, and LVSF and LVMI, respectively. Discussion Although many investigators have shown that prolonged physical exercise can normalize or, at least, reduce mild or moderate elevations in BP, there is not complete agreement about the effects of prolonged exercise on left ventricular structure and function. Strong physical training such as that performed by athletes can provoke cardiac enlargement. Echocardiographic measurements have demonstrated not only dilation of the left ventricular cavity but an increase in wall thickness, which implies a higher LVM. 5 -8 When normal nonathletic male volunteers 10 were subjected to moderate training for at least 6 weeks, however, no changes in left ventricular dimensions were observed although LVM increased significantly. These structural cardiac changes did not produce abnormalities of relaxation or diastolic function and disappeared when training was stopped. Among all methods for quantifying LVM, the Penn cube method accurately diagnosed and quantified left ventricular hypertrophy when compared with necropsy findings. 9 Furthermore, LVM estimation was more useful than the measurement of wall thickness for discerning normal patients from those with hemodynamic overloads. 9 No increases of LVM were observed in our patients. A possible explanation would be that our PTP was not strenuous enough for the development of left ventricular adaptations. A recent report of the National Heart, Lung, and Blood Institute 11 has determined that gymnastics (without weights) and cycling at no more than 5.5 mph are moderate activities with an energetic cost that can be 3.0-4.9 METS. This kind of exercise can have some beneficial effects on left ventricular function and on the energetic expenditure of the myocardial walls. It is reinforced by BP decrease, which diminishes the left ventricular afterload. Another very probable explanation for the lack of change of LVM would be the interaction between BP decrease, which tends to diminish LVM, and physical training, which tends to augment it. The absence of any significant modification of body weight in our patients, throughout the follow-up, rules out the possibility that weight reduction influenced the lack of LVM increases. 12 Other important benefits of physical training were the decrease in HR at rest, which lowers the myocardial oxygen requirement, and the increase of physical work capacity. The lack of changes in left ventricular systolic function, estimated through the echocardiographic LVSF, is an effect of prolonged physical training described by some investigators. One investigator, 13 however, has shown a mild deterioration of LVSF in bicyclists over 40 years old and, also, after nontraining periods.
It is well known that a small correlation usually exists between BP and LVM. Nevertheless, it can be improved if BP is measured at working hours. 14 We were not able to find any significant correlation between these two variables, which could be because of the small number of patients in this trial. The lack of any significant modification of LVM despite BP decreases precluded any correlation between these two parameters. This implies that several factors other than the mechanical effect of the diminished afterload influences the modification of LVM. Physical training produces a decrease of plasma catecholamines, 15 which might also be induced by antihypertensive drugs with sympatholytic action.
Also important is the possible effect of muscular relaxation on BP decrease. Muscular relaxation techniques such as progressive muscular relaxation, hatha yoga, and mind power can induce BP decreases, and these techniques are proposed by Supplement I Hypertension Vol 15, No 2, February 1990 many investigators 16 as nonpharmacological resources for the treatment of mild hypertensive patients. Although we have not followed up patients treated only with relaxation techniques, it is possible that this procedure has not had a great influence on BP changes because there were no significant differences between BP levels measured at the end of each exercise session and those achieved after the relaxation phase.
In fact, it seems that moderate and prolonged physical training can normalize or, at least, reduce BP in mild essential hypertensive patients without increasing LVM. This could be a beneficial effect for the preservation of left ventricular function. The lack of a significant relation between BP decrease and LVM suggests that several effects other than the reduced afterload might influence the development and maintenance of left ventricular hypertrophy.
